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(57) Abstract: An embodiment provides a
display module comprising: a first substrate
comprising a red filter, a green filter, a
blue filter, and a white filter; a second
substrate disposed facing the first substrate
and comprising a first switching device and
a first transparent electrode being formed
corresponding to a position where the red
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filter is disposed, a second switching device
and a second transparent electrode being
formed corresponding to a position where
the green filter is disposed, a third switching
device and a third transparent electrode
being formed corresponding to a position
where the blue filter is disposed, and a
fourth switching device and a reflective part
being formed corresponding to a position
where the white filter is disposed; and a
liquid crystal layer formed between the first
substrate and the second substrate.
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Description

DISPLAY MODULE AND LCD HAVING THE SAME

Technical Field
Embodiments relate to a display module and a liquid crystal display (LCD) device

comprising the same.
Background Art

Various display devices have been suggested to display an image. These display
devices adopt a luminance sensor in order to control light emitting brightness by
measuring surrounding luminance. Additionally, provided is a display device in which
an additional touch screen panel capable of detecting a contact position of a user to
perform a touch panel function is mounted on a display panel. However, because an
additional touch screen panel is required to be mounted in order to realize a touch

panel, there is a disadvantage which increases the thickness of a display device.
Disclosure of Invention

Technical Problem
Embodiments provide a display module that effectively detecting surrounding
luminance and a contact position of an object, and an LCD device comprising the

same.

Technical Solution

An embodiment provides a display module comprising: a first substrate comprising a
red filter, a green filter, a blue filter, and a white filter; a second substrate disposed
facing the first substrate and comprising a first switching device and a first transparent
electrode being formed corresponding to a position where the red filter is disposed, a
second switching device and a second transparent electrode being formed cor-
responding to a position where the green filter is disposed, a third switching device and
a third transparent electrode being formed corresponding to a position where the blue
filter is disposed, and a fourth switching device and a reflective part being formed cor-
responding to a position where the white filter is disposed; and a liquid crystal layer
formed between the first substrate and the second substrate.

An embodiment provides a display module comprising: a pixel area comprising a
gate line, a data line intersecting the gate line, a switching device formed on an in-
tersection area of the gate line and the data line, and a transparent electrode connected
to the switching device; and a contact position detection area comprising the gate line,
a sensing line intersecting the gate line, and a detection device disposed on an in-
tersection area of the gate line and the sensing line, and being changed in an amount of

a current flowing according to incident light.
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An embodiment provides a liquid crystal display device comprising: a display
module; and a backlight assembly providing light to the display module; wherein the
display module comprises: a first substrate comprising a red filter, a green filter, a blue
filter, and a white filter; a second substrate disposed facing the first substrate and
comprising a first switching device and a first transparent electrode being formed cor-
responding to a position where the red filter is disposed, a second switching device and
a second transparent electrode being formed corresponding to a position where the
green filter is disposed, a third switching device and a third transparent electrode being
formed corresponding to a position where the blue filter is disposed, and a fourth
switching device and a reflective part being formed corresponding to a position where
the white filter is disposed; and a liquid crystal layer formed between the first substrate
and the second substrate, wherein the liquid crystal display device comprises a first
drive mode and a second drive mode, wherein the first drive mode displays a color
image in a first direction of the display module by adjusting an amount of light
transmitted through the red filter, the green filter and the blue filter through light
provided form the backlight assembly, and the second drive mode displays a black and
white image in the first direction of the display module by using incident light from
surrounding and adjusting an amount of light reflected from the reflective part and

transmitted through the white filter.
Advantageous Effects

A display module according to an embodiment and an LCD device comprising the
same effectively detect surrounding luminance and a contact position of an object.
Brief Description of the Drawings

Figs. 1 and 2 are conceptual views of a display module according to an embodiment.

Fig. 3 is a view illustrating a luminance measuring function in a display module
according to an embodiment.

Fig. 4 is a view illustrating a touch panel function in a display module according to
an embodiment.

Fig. 5 is a view of a liquid crystal display device according to an embodiment.

Fig. 6 is a view of a mobile communication terminal according to an embodiment.

Mode for the Invention

In the description of the embodiments, it will be understood that when a layer (or
film), a region, a pattern, or a structure is referred to as being "on" or "under" another
substrate, another layer (or film), another region, another pad, or another pattern, it can
be "directly" or "indirectly" on/under the other substrate, layer (or film), region, pad, or
pattern.

Hereinafter, embodiments will be described with the accompanying drawings.
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Figs. 1 and 2 are conceptual views of a display module according to an embodiment.
Fig. 1 shows equivalent circuit of a display module according to the embodiment and
Fig. 2 is a cross-sectional view of the display module according to the embodiment.

The display module according to the embodiment comprises a first substrate 210 and
a second substrate 220. The first substrate 210 comprises a red filter 211, a green filter
213, a blue filter 215, and a white filter 217. The second substrate 220 comprises a first
transparent electrode 221, a second transparent electrode 223, a third transparent
electrode 225, and a reflective part 227. A liquid crystal layer may be formed between
the first substrate 210 and the second substrate 220.

The display module according to the embodiment comprises a first sub-pixel area
110, a second sub-pixel area 120, a third sub-pixel area 130, and a fourth sub-pixel
area 140. A first switching device 111 and a first sub-pixel data line 113 are formed in
the first sub-pixel area 110. A second switching device 121 and a second sub-pixel
data line 123 are formed in the second sub-pixel area 120. A third switching device
131 and a third sub-pixel data line 133 are formed in the third sub-pixel area 130. A
fourth switching device 141 and a fourth sub-pixel data line 143 are formed in the
fourth sub-pixel area 140. A reference number 150 represents a gate line, and a
reference number 160 represents a common line forming a storage capacitor.

The first substrate 210 is disposed to face the second substrate 220. The first
switching device 111 is formed on an intersection area of the gate line 150 and the first
sub-pixel data line 113. The first switching device 111 is connected to the first
transparent electrode 221 and controls an amount of light transmitted through the first
sub-pixel area 110. The second switching device 121 is formed on an intersection area
of the gate line 150 and the second sub-pixel data line 123. The second switching
device 121 is connected to the second transparent electrode 223 and controls an
amount of light transmitted through the second sub-pixel area 120. The third switching
device 131 is formed on an intersection area of the gate line 150 and the third sub-pixel
data line 133. The third switching device 131 is connected to the third transparent
electrode 225 and controls an amount of light transmitted through the third sub-pixel
area 130.

The first switching device 111, the second switching device 121, the third switching
device 131, and the fourth switching device 141 may be formed of a thin film transistor
comprising an amorphous silicon layer. Additionally, the first switching device 111,
the second switching device 121, and the third switching device 131 may be formed of
a thin film transistor comprising a polycrystalline silicon layer.

For example, the red filter 211 may be disposed on the first sub-pixel area 110, and
the green filter 213 may be disposed on the second sub-pixel area 120. Additionally,
the blue filter 215 may be disposed on the third sub-pixel area 130, and the white filter
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217 may be disposed on the fourth sub-pixel area 140. In the display module according
to the embodiment, one pixel displaying an image may comprise at least each one of
the first sub-pixel area 110, the second sub-pixel area 120, the third sub-pixel area 130,
and the fourth sub-pixel area 140.

The size of the fourth sub-pixel area 140 may be formed smaller than the sizes of the
first sub-pixel area 110, the second sub-pixel area 120, and the third sub-pixel area
130. The size of the white filter 217 may be formed smaller than the sizes of the red
filter 211, the green filter 213, and the blue filter 215.

In the display module according to the embodiment, light incident from the bottom is
not transmitted through an area where the reflective part 227 is formed, but is
transmitted through areas where the first transparent electrode 221, the second
transparent electrode 223, and the third transparent electrode 225 are formed in order
to realize a color image. On the other hand, light incident from the top is reflected from
the reflective part 227 and progresses into a top direction such that brightness of a
displayed image can be improved.

The reflective part 227 may comprise a first reflective part formed of the same
material on the same layer as a gate electrode constituting the fourth switching device
141. Additionally, the reflective part 227 may comprise a second reflective part formed
of the same material on the same layer as a drain electrode constituting the fourth
switching device 141. The reflective part 227 may be formed with the size cor-
responding to an area of the white filter 217. Accordingly, light incident from the
bottom of the display module can be prevented from being transmitted through the
white filter 217, thereby stopping light leakage from affecting an image display.

The display module comprising the above structure utilizes the fourth sub-pixel area
140 and the fourth switching device 141, thereby effectively realizing functions such
as a luminance sensor and a touch panel.

First, a luminance sensor function in the display module according to the
embodiment will be described with reference to Figs. 1 to 3.

The display module according to the embodiment measures surrounding luminance
by sensing changes in an amount of a current flowing through the fourth switching
device 141. The fourth switching device 141 may be formed of a thin film transistor
comprising amorphous silicon.

A photo leakage current flows through the fourth switching device 141 due to
incident light. The fourth switching device 141 comprises amorphous silicon such that
a photo leakage current occurs due to light incident to the amorphous silicon. The
white filter 217 is disposed on the fourth sub-pixel area 140 where the fourth switching
device 141 is placed. Accordingly, compared to when a color filter is disposed, an

amount of light transmitted through the white filter 217 is increased such that an
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amount of light incident to the fourth switching device 141 is increased also.
Therefore, the display module according to the embodiment effectively performs a
luminance sensor function.

The display module according to the embodiment, as illustrated in Fig. 3, comprises
a plurality of fourth sub-pixel data lines 143_1 to 143_n and a photo sensing unit 300.
Each of the fourth sub-pixel data lines 143_1 to 143_n is formed on each pixel area. A
photo leakage current flowing through the fourth sub-pixel data lines 143 1 to 143 _n
is transferred into the photo sensing unit 300. The photo sensing unit 300 senses an
amount of current provided from fourth sub-pixel data lines 143_1 to 143_n such that
surrounding luminance can be measured. The display module according to the
embodiment can control light emitting luminance by reflecting surrounding luminance
measured in the photo sensing unit 300. For example, the display module can adjust
light emitting brightness according to surrounding luminance by controlling the degree
of light emitting of a backlight assembly.

Moreover, the display module according to the embodiment can perform a touch
panel function effectively. The touch panel function will be described with reference to
Figs. 1, 2 and 4. The display module according to the embodiment does not need to
comprise an additional touch screen panel in order to realize the touch panel function.
Accordingly, a display module comprising a touch panel function may be realized with
a thin thickness.

The display module according to the embodiment, as illustrated in Fig. 4, comprises
a plurality of sensing lines 443 1 to 443 _n, a plurality of gate lines 150_1 to 150_n,
and a contact position detection unit 400.

The sensing lines 443 _1 to 443 _n are disposed intersecting the gate lines 150_1 to
150_n. The fourth sub-pixel data line 143 described referring to Figs. 1 and 2 may be
utilizes as the sensing lines 443_1 to 443_n. If the fourth sub-pixel data line 143 is
utilized as the sensing line, the fourth sub-pixel area 140 may be defined as a
connection position detection area, and the fourth switching device 141 may be defined
as a detection device.

The detection device may be formed of a thin film transistor comprising amorphous
silicon. A current flowing through the detection device is a photo leakage current
caused by light incident to the contact position detection area. Accordingly, a position
of an object contacting the display module can be detected by measuring changes of
the photo leakage current flowing through the detection device. The white filter may be
disposed on the contact position detection area where the detection device is formed.

A photo leakage current flowing through the detection device is transferred into the
sensing lines 443 1 to 443 _n. Additionally, the contact position detection unit 400

detects an amount of current flowing through the sensing lines 443 1 to 443 _n.



WO 2008/150125 PCT/KR2008/003173

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

On the other hand, an amount of a photo leakage current flowing through the
detection device connected to the gate lines 150 _1 to 150 _n is changed according to
whether or not there is a voltage applied to the gate lines 150_1 to 150_n. Accordingly,
an amount of a current flowing through the sensing lines 443 1 to 443 _n is changed
according to whether or not there is a voltage applied to the gate lines 150 _1 to 150_n.

A voltage is sequentially applied to the gate lines 150 _1 to 150_n by scan drive. For
example, if a voltage is applied to the gate line 150 _1, it is applied to each gate
electrode of the detection devices A, B, and C connected to the gate line 150_1.
Likewise, a more amount of a photo leakage current flows through the detection
devices A, B, and C where a voltage is applied to each gate electrode thereof,
compared to when a voltage is not applied.

On the other hand, let's assume one case that external light is not projected on an area
where the detection device A is formed. This may occur when an object contacts the
display module surface of an area where the detection device A is formed. Likewise, if
external light is not projected on the area where the detection device A is formed, a
photo leakage current does not flow through the detection device A. Accordingly, even
when a voltage is applied to the gate line 150_1 providing a gate voltage to the
detection device A, a current does not flow through the detection device A.

However, a photo leakage current flows through the detection devices B and C to
which external light is projected, and when a voltage is applied to the gate line 150_1,
a sudden current increase occurs in the detection devices B and C.

Likewise, when a voltage is applied to the gate line 150_1, it can be determined
whether or not external light is projected on an area where a corresponding detection
device is formed by detecting changes in an amount of a photo leakage current flowing
through the detection devices connected to the gate line 150_1.

By using this phenomenon, the display module according to the embodiment can
perform a touch panel function. That is, it can be determined whether or not there is an
object contact and that its contact position by measuring changes in an amount of a
photo leakage current flowing through the detection devices through scan drive for the
gate line.

For example, the display module comprises the first substrate 210 and the second
substrate 220 as illustrated with reference to Figs. 1 and 2. An image can be displayed
in a top direction of the first substrate 210, and a menu item can be displayed for user
selection. At this point, a touch panel function can be performed by determining
whether or not there is an object placed on the surface of the first substrate 210. If there
is an object placed on the surface of the first substrate 210, a menu item displayed on a
corresponding position can be executed.

Then, the display module according to the above-mentioned embodiment may be



WO 2008/150125 PCT/KR2008/003173

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

applied to a liquid crystal display (LCD) device. As illustrated in Fig. 5, an LCD
device 500 according to the embodiment may comprise a display module 510 and a
backlight assembly 520 providing light to the display module 510.

As described above, the LCD 500 device can effectively perform a luminance sensor
function and a touch panel function.

Additionally, the LCD device 500 comprises a first drive mode displaying an image
in a first direction of the display module 510 by using light provided form the
backlight assembly 520, and a second drive mode displaying an image in the first
direction of the display module 510 by using light incident from the surrounding.

A case where the LCD device 500 is driven in the first drive mode will be described
with reference to Figs. 1, 2, and 5.

If being driven in the first drive mode, the LCD device 500 displays an image in a
top direction of the first substrate 210 by using light provided from the backlight
assembly 520. The LCD device 500 can display a color image in the top direction of
the first substrate 210 by adjusting an amount of light transmitted through the red filter
211, the green filter 213, and the blue filter 215.

A case where the LCD device 500 is driven in the second drive mode will be
described with reference to Figs. 1, 2, and 5.

If being driven in the second drive mode, the LCD device 500 displays an image in
the top direction of the first substrate 210 by using light incident from the surrounding.
The LCD device 500 can display a black and white image in the top direction of the
first substrate 210 by adjusting an amount of light transmitted through the white filter
217. At this point, the light transmitted through the white filter 217 is reflected from
the reflective part 227 and then is projected toward the top direction of the first
substrate 210.

The LCD device 500 according to the embodiment can selectively display a color
image or a black and white image by using the first and second drive modes.

Additionally, the display module according to the above-mentioned embodiment may
be applied to a mobile communication terminal. As illustrated in Fig. 6, the mobile
communication terminal 600 according to the embodiment may comprise a display
module 610, a backlight assembly 620, a communication means 630, and a controller
640.

The backlight assembly 620 provides light to the display module 610. The com-
munication means 630 communicates with the external entity. The controller 640 can
control the display module 610, the backlight assembly 620, and the communication
means 630.

As described above, the mobile communication terminal 600 can effectively perform

a luminance sensor function and a touch panel function. Additionally, the mobile com-
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munication terminal 600 may comprise a first drive mode displaying a color image in a
first direction of the display module 610 by using light provided from the backlight
assembly 620 and a second drive mode displaying a black and white image in the first
direction of the display module 610 by using light incident from the surrounding.

The mobile communication terminal 600 according to the embodiment can se-
lectively display a color image or a black and white image if necessary by using the
first and second drive modes.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure.

Industrial Applicability

The display module according to the embodiment and the LCD device comprising

the same have advantages in effectively detecting surrounding luminance and a contact

position of an object.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

WO 2008/150125 PCT/KR2008/003173

Claims
A display module comprising:
a first substrate comprising a red filter, a green filter, a blue filter, and a white
filter;
a second substrate disposed facing the first substrate and comprising a first
switching device and a first transparent electrode being formed corresponding to
a position where the red filter is disposed, a second switching device and a
second transparent electrode being formed corresponding to a position where the
green filter is disposed, a third switching device and a third transparent electrode
being formed corresponding to a position where the blue filter is disposed, and a
fourth switching device and a reflective part being formed corresponding to a
position where the white filter is disposed; and
a liquid crystal layer formed between the first substrate and the second substrate.
The display module according to claim 1, comprising a light detection unit
detecting an amount of a current flowing through the fourth switching device by
incident light and measuring surrounding luminance.
The display module according to claim 1, comprising a contact position detection
unit detecting changes in an amount of a current flowing through the fourth
switching device and detecting a contact position of an object contacting a
surface of the first substrate.
The display module according to claim 1, wherein one pixel displaying an image
comprises at least each one of the red filter, the green filter, the blue filter, and
the white filter as a sub pixel.
The display module according to claim 1, wherein the fourth switching device is
a thin film transistor comprising an amorphous silicon layer.
The display module according to claim 5, wherein a current flowing through the
fourth switching device is a photo leakage current occurring in the amorphous
silicon layer by incident light.
The display module according to claim 5, wherein the reflective part comprises a
first reflective part, the first reflective layer being formed on the same layer as at
least one of a gate electrode and a drain electrode constituting the thin film
transistor.
A display module comprising:
a pixel area comprising a gate line, a data line intersecting the gate line, a
switching device formed on an intersection area of the gate line and the data line,
and a transparent electrode connected to the switching device; and

a contact position detection area comprising the gate line, a sensing line in-
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tersecting the gate line, and a detection device disposed on an intersection area of
the gate line and the sensing line, and being changed in an amount of a current
flowing according to incident light.

The display module according to claim 8, comprising a color filter disposed on
the pixel area and a white filter disposed on the contact position detection area.
The display module according to claim 8, wherein the detection device is a thin
film transistor comprising an amorphous silicon layer.

The display module according to claim 10, wherein a current flowing through the
detection device is a photo leakage current occurring by incident light.

The display module according to claim 9, comprising a reflective part disposed
on the contact position detection area and formed with a size corresponding to an
area of the white filter.

The display module according to claim 12, wherein the reflective part comprises
a first reflective part, the first reflective part being formed on the same layer as at
least one of the gate line and the sensing line.

The display module according to claim 8, wherein an amount of a current
flowing through the detection device is changed according to whether or not a
voltage is applied to the gate line.

The display module according to claim 14, wherein changes in an amount of a
current flowing through the detection device are detected through scan drive of
the gate line, and whether there is an object contact or not and its contact position
are determined.

The display module according to claim 15, wherein the contact position is
detected and a menu item displayed on the contact position is executed.

A liquid crystal display device comprising:

a display module; and

a backlight assembly providing light to the display module;

wherein the display module comprises:

a first substrate comprising a red filter, a green filter, a blue filter, and a white
filter;

a second substrate disposed facing the first substrate and comprising a first
switching device and a first transparent electrode being formed corresponding to
a position where the red filter is disposed, a second switching device and a
second transparent electrode being formed corresponding to a position where the
green filter is disposed, a third switching device and a third transparent electrode
being formed corresponding to a position where the blue filter is disposed, and a
fourth switching device and a reflective part being formed corresponding to a

position where the white filter is disposed; and
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a liquid crystal layer formed between the first substrate and the second substrate,
wherein the liquid crystal display device comprises a first drive mode and a
second drive mode,

wherein the first drive mode displays a color image in a first direction of the
display module by adjusting an amount of light transmitted through the red filter,
the green filter and the blue filter through light provided form the backlight
assembly, and the second drive mode displays a black and white image in the
first direction of the display module by using incident light from surrounding and
adjusting an amount of light reflected from the reflective part and transmitted
through the white filter.

The liquid crystal display device according to claim 17, wherein changes in an
amount of a current flowing through the fourth switching device are sensed, a
contact position of an object contacting a surface of the display module is
detected, and a menu item displayed on the contact position is executed.

The liquid crystal display device according to claim 17, wherein one pixel
displaying an image comprises at least each one of the red filter, the green filter,
the blue filter, and the white filter as a sub pixel.

The liquid crystal display device according to claim 17, wherein the fourth
switching device is a thin film transistor comprising an amorphous silicon layer,
and a current flowing through the fourth switching device is a photo leakage

current occurring by incident light.
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